Forty Angus x Hereford 2-yr-old primiparous cows (358 kg) were used to determine the effects of source and amount of CP on performance, reproductive function, and metabolic status of suckled primiparous cows. A 2 x 2 factorial treatment arrangement was used; cows received either 100 or 150% of NRC recommendations for CP in diets that contained either soybean meal (low escape = L ) or corn gluten meal/blood meal (high escape = H) as the principal supplemental protein source. Resulting treatments were 100-L, 100-H, 150-L, and 150-H. Cows were individually fed diets for 100 d or until they were observed to be in standing estrus. Diets were isoenergetic and limit-fed to meet NRC recommendations for NE, Ca, and P for 364-kg, 2-yr-old primiparous cows producing 4.5 kg of milk daily and gaining .23 kg/d. Increased CP tended ( P = .09) to increase ADG in cows, but body condition score was unaffected. Increased CP and use of a CP source with higher potential for ruminal escape increased ADG in calves from d 0 to 97 ( P = .002 and .04, respectively), which corresponded with numerical changes in milk production. Feeding high escape CP sources decreased plasma glucose and urea N ( P = .04 and .0001, respectively). Increased CP tended ( P = .12) to increase plasma glucose and increased ( P = .0001) plasma urea N. Treatment had no effect on profiles of LH or progesterone. Although numerical differences in conception rate seemed large for 100-L compared with the remaining treatments, statistical significance was not detected. Amount and source of CP affected ADG in calves and plasma concentrations of select metabolites. Similarly, amount of CP influenced ADG in cows. However, altering amount or source of CP did not significantly affect reproductive characteristics or hormonal profiles.
Introduction
One of the key factors determining the economic success of a cow-calf operation is reproductive efficiency. The nutritional status of the cow is related to the length of the postpartum period of anestrus and the probability of the cow's becoming pregnant during the breeding season (Short and Adams, 1988; Randel, 1990; Short et al., 1990) . It is well recognized that energy intake during the postpartum period affects reproduction in the beef cow (Wiltbank et al., 1962 (Wiltbank et al., , 1964 Dunn et al., 1969) . Protein deficiencies also have been shown to affect reproduction negatively (Sasser et al., 1988) . In addition, reproductive function has been reported to improve when protein is fed in excess of NRC recommendations, albeit from a source with high potential for ruminal escape (Wiley et al., 1991) . However, it is not clear whether that was due to the source of protein or simply an effect of increased CP in the diet. The objectives of this study were to examine the effects of source and amount of dietary protein on cow and calf performance, blood metabolite and hormonal concentrations, and reproductive characteristics in primiparous beef cows. 
Materials and Methods

Animals, Diets, and Management. Forty Angus x
Hereford 2-yr-old, spring calving, primiparous cows (initial BW 358 f 5 kg) bred to one of two Angus sires were allotted randomly to four dietary treatments as they calved. Initial body condition score (BCS; 1 = emaciated, 9 = obese; Wiltbank et al., 1962) at calving averaged 4.5 k .l. The treatments were arranged in a 2 x 2 factorial experiment with cows receiving either 100 or 150% of NRC (1984) recommendations for CP with diets that contained either soybean meal (low escape = L) or corn gluten mealblood meal (high escape = H) as the principal supplemental protein source. This factorial treatment structure resulted in four dietary treatments: 100-L, 100-H, 15O-L, and 150-H. Prairie hay (6% CP) was used as the basal roughage and made up 56 to 58% of the ration DM in all four diets (Table 1) . The H diets were formulated so that corn gluten meal and blood meal supplied equivalent amounts of CP (Klopfenstein et al., 1985) . Urea was included in all diets at 5% of DM to ensure that ruminal NH3 concentrations were not limiting. Diets were formulated to be isoenergetic and to meet NRC (1984) recommendations for NE, Ca, and P for 364-kg, 2-yr-old cows producing 4. Cows and calves were maintained in a single drylot. Cows were separated from their calves, placed in individual feeding pens, and offered their limit-fed diets at 1500 daily. Cows remained in their respective pens until each had consumed its daily ration. Calves had access to a small bromegrass lot. One pair in the 100-L group was removed from the study because the calf had health problems that were unrelated to dietary treatment.
Weight Measurements and Sampling Procedure.
Cows were weighed and scored for body condition using visual examination and palpation by two independent evaluators within 24 h after parturition and at the end of the study. Cows were weighed in the morning, 15 h after consuming their ration from the previous day and having overnight access to water. Calves were weighed at birth, completion of the trial, and at weaning on October 15. Milk production was estimated within 3 d of 61 d postpartum using the procedure described by Perry et al. (1991) . Milk samples were analyzed to determine percentages of milk fat, protein, lactose, and solids-not-fat (Kansas Dairy Herd Improvement Association Laboratory, Manhattan).
Samples of jugular blood were collected once weekly into three 7-mL tubes containing potassium oxalate and sodium fluoride, which were placed immediately on ice and later centrifuged at 5°C. Plasma was separated and stored in plastic scintillation vials at -20°C until it was analyzed for glucose, urea N ( PUN), and nonesterified fatty acids ( NEFA) . Jugular blood samples also were collected three times weekly into 15-mL evacuated tubes, refrigerated, allowed to clot for 16 h, and then centrifuged at 5°C for serum collection. Samples of serum were then stored at -20°C until progesterone was measured. Serum collected on the same day as the plasma samples was also assayed for concentrations of insulin. Blood samples for determination of serum LH concentration were collected every 12 min for 6 h via indwelling jugular catheter within 3 d of 35 d postpartum. These samples were handled and stored in the same manner as previously described for serum.
Laboratory Procedures. Progesterone concentrations were determined using a validated RIA procedure described by Skaggs et al. (1986) . The intra-and interassay CV for samples quantified in four assays averaged 9.6 and 18.5%, respectively. Concentrations of LH in serum also were determined using a validated RIA procedure (Perry et al., 1991) . Intraand interassay CV for samples quantified in four assays averaged 7.9 and 20.4%, respectively. Insulin was measured using a commercially available direct RIA (Diagnostic Products, Los Angeles, CA) in which the antibody was coated to polypropylene assay tubes. Human insulin was used as the standard. When .021, .063, .208, .417, and 2 3 3 ng of human insulin were added to assay tubes with bovine serum containing .011 ng of insulin, .033, .063, .218, .442, and .887 ng were measured in the assay (99.54% average recovery). A pool of bovine serum was assayed at 50, 75, 100, 150, and 200 pL, and 8.28, 8.40, 8.78, 9 .17, and 9.07 ng/mL of insulin were measured in the assay. All experimental samples were assayed using 200 pL of serum. The assay was sensitive to .011 ng/tube. The intra-and interassay CV for samples quantified in eight assays averaged 14.1 and 15.1%, respectively.
Glucose was analyzed using an automated procedure described by Gochman and Schmitz (1972) and PUN was analyzed as described by Marsh et al. (1965) . Nonesterified fatty acid concentrations were determined using a commercially available enzymatic kit (Wako Chemicals USA, Dallas, TX) following the modifications of Eisemann et al. (1988) . The intraand interassay CV for samples quantified in eight assays averaged 2.2 and 6.6%, respectively.
Statistical Analysis. Changes in BCS, ADG of cows, milk production, the four measures of milk composition, days to when progesterone exceeded 1 ng/mL, and average calving date the following year were analyzed as a completely randomized design with a 2 x 2 factorial arrangement of treatments. Sources of variation in the model included amount of dietary protein, source of dietary protein, and the two-way interaction. Daily gain for calves also was analyzed as a completely randomized design with sex of calf added to the preceding model. Sire of calf was found to be nonsignificant in a preliminary analysis and was not included in the final model. All effects were tested using the residual error term.
Percentage of cows pregnant at the end of the breeding season was analyzed using the CATMOD@ procedure of SAS (1988) . Sources of variation were the same as those previously described for a completely randomized design. Secretory characteristics for LH were determined using the procedures outlined by Skaggs et al. (1986) . Frequently and amplitude of LH pulses were then analyzed with amount of protein, source of protein, and the amount x source of protein interaction as the sources of variation. Mean concentrations of LH, NEFA, glucose, PUN, and insulin all were analyzed with a split-plot ANOVA. Sources of variation were amount of dietary protein, source of dietary protein, time, all two-way interactions, cow within amount x source of protein interaction, and the three-way interaction. The effects of amount of protein, source of protein, and amount x source of protein interaction were tested using the cow within amount x source of protein interaction as the error term. All other effects were tested using the residual error term. All data presented are least squares means, with the exception of conception rates, which are actual means. When unequal observations per treatment resulted in different standard errors, the largest was reported. All data, except conception, were analyzed with the GLM procedure of SAS (1988) .
Results
Amount of dietary protein tended to increase ( P = .09) ADG in cows. A weaker trend ( P = .17) existed for an interaction between amount and source of protein, as shown by a 55% increase in cow ADG when supplemental protein of higher escape potential was fed at 150% of NRC, but an 11% decrease was observed at the 100%' level (Table 2) . Body condition showed little response ( P = .23) when an increased quantity of dietary CP was fed.
Daily gain for calves, as measured from birth until trial completion, was increased by providing additional dietary protein ( P = .002) and by feeding protein sources with a higher ruminal escape potential ( P = .04). Daily gain from birth to weaning also was improved ( P = .02) by increased dietary protein, but not by source of protein. These responses in ADG corresponded with numerical increases in estimated daily milk production (Table 2) . Milk composition was unaffected by dietary treatment, with the exception of percentage of lactose, which was increased ( P = .03) by feeding high-escape sources of protein.
No interactions occurred between source and amount of dietary protein for LH release measured approximately 35 d postpartum or between sampling time and treatment. Our results indicated a trend for lowered mean LH concentrations when high-escape supplements were fed ( P = .12; Table 3 ) . Frequency and amplitude of LH pulses followed a similar numerical trend but were not significantly affected by treatment. Days postpartum until serum progesterone concentrations were > 1 ng/mL were unaffected by treatments. The degree of difference in conception rate for the 100-L group compared with the remaining treatments seemed substantive (56% vs an average of 83%). However, the interaction term was not statistically significant. Cows fed the lower amount of dietary protein tended ( P = .14) to calve earlier the following year than did cows on the 150% treatment.
No sampling time x treatment interactions occurred for any of the blood metabolites measured in weekly plasma samples; therefore, treatment means were pooled over time ( Table 3 ) . We did detect an interaction ( P = .01) between source and amount of dietary protein for PUN, because there was a greater difference in PUN concentration between the sources 
Discussion
Th? tendency for ADG to be greater for the cows fed an increased amount of dietary protein agrees with results reported by De Gracia and Ward ( 19 9 1) when dietary CP was increased in isoenergetic diets fed to mature beef cows. The additional protein fed in our study may have met an amino acid deficiency per se (Whitelaw et al., 1985) or may have improved the efficiency of ME utilization. MacRae et al. (1985) reported that abomasal infusion of casein increased the efficiency of ME utilization in sheep, possibly by supplying more gluconeogenic precursors. Glucose entry rate also has been shown to be increased by greater quantities of protein presented to the small intestine (Konig et al., 1984; Teleni et al., 1989) . Although the trend was very weak, feeding a high level of a protein with high escape potential seemed to support increased gain. One possible explanation for this response could be that the protein supplied in the 150-H treatment supported maximum milk production for these cows and that the remaining protein was used for tissue gain.
Calf gains were strongly influenced by both the amount and source of protein fed their dams. Calves did not have access to cow diets but were allowed to graze a bromegrass pasture via a creep gate. Therefore, we cannot definitely say that all the variations in calf gain were due t o differences in milk production. However, Perry et al. (1991) found that under drylot conditions, calf weight at 70 d of age was correlated highly ( r = .89) with milk production estimated at two times during lactation. Rutledge et al. (1971) also reported that approximately 60% of the variation in weaning weight of calves was explained by differences in milk yield. The numerical differences in milk production that we observed did not approach the same level of significance as did the differences in calf gain, although they followed the same general pattern. Increased gain in calves and increased milk production when greater quantities of metabolizable protein were supplied to cows has been observed by other researchers (Rogers et al., 1980; Lee et al., 1985; Blasi et al., 1991) . In contrast, Wiley et al. (1991) reported no effect on milk production or gain in calves from supplying additional CP from a high-escape source. However, intakes of energy and CP for both the ruminally degradable and high-escape protein treatments were well above NRC (1984) requirements, so the ability of those cows to respond to increased metabolizable protein may have been limited. Our results conflict with those of Hunter and Magner (1988) , who observed reduced milk production when formaldehyde-treated casein was fed, but most of the lactational differences they reported occurred after 8 wk postpartum.
Mean concentration and pulsatile characteristics of LH in this study were very low, most likely because .68 aFour combination of treatments: 100 vs 150% of NRC (1984) dInterval from calving to progesterone concentrations > 1 ng/mL in samples collected three times weekly beginning at calving. eDate of calving the following year based on Gregorian calendar (January 1 = 1). fDetermined in weekly plasma samples collected beginning at calving. gNEFA = nonesterified fatty acids. hDetermined in weekly serum samples collected beginning at calving.
for ruminal escape of CP.
these cows were 40 to 50 d away from resuming cyclic activity at the time blood samples were taken. Mean concentration and pulse frequency of LH increase as postpartum beef cows approach ovulation (Short et al., 1990) . The reduction in mean concentration, pulse frequency, and pulse amplitude of LH in the H-treated cows might have been related to lower plasma glucose concentrations observed when protein sources higher in escape potential were fed. Blocking glucose metabolism in rats reduced LH production by rat pituitary cells in vitro (Sen et al., 1979) . In addition, Rutter and Manns (1987) decreased LH pulse amplitude in postpartum beef cows by using phlorizin to increase urinary glucose losses and lower plasma glucose concentrations. Days to first ovulation, using serum progesterone concentration > 1 ng/mL as an indication of luteal function, did not differ between treatments and were similar to those for mature cows maintained under similar experimental conditions (Perry et al., 1991) . We did not observe the shortened postpartum interval and increased percentage of cows bred in the first 21 d of the breeding season in response to additional protein from a high-escape source that were reported by Wiley et al. (1991) . However, their cows were fed more energy than the cows in our study. The level of ME fed in our experiment may have diminished the potential for the cows to respond to increased metabolizable protein in terms of return to estrus.
The number of animals per treatment probably limited the ability to make statistical inferences regarding conception rate in our study (Ferguson and Chalupa, 1989) . However, the magnitude of numerical differences between the 100-L group (5 6 %) compared with the remaining treatments (83%) deserves additional comment. Possibly, the protein requirements for optimal reproduction were not met in the 100-L group. Smith (1985) suggested that a threshold requirement for dietary protein intake existed in ewes to promote a response in ovulation rate. Supplying additional metabolizable protein in diets that were below this threshold value resulted in increased ovulation rates, but supplying additional metabolizable protein when the basal diets were greater than the threshold value had no effect. This may explain why cows fed the 100-L diet seemed to have a lower conception rate, whereas the remaining three treatments seemed to be relatively similar. Similarly, Sasser et al. (1988) observed significantly lower conception rates when primiparous beef cows were fed diets deficient in CP. The trend for cows fed the lesser amount of dietary protein in our study to calve earlier during the following year seems similar to data reported by Houghton et al. (1990) . In their study, mature cows that were thin were less likely to ovulate, although those that did ovulate were highly fertile. Perry et al. ( 199 1) also observed a similar phenomenon related to postpartum energy intake. Feeding postpartum diets that were low in energy t o mature cows influenced the percentage of cows ovulating but had no effect on postpartum interval to first ovulation.
The reduction in plasma glucose concentrations observed in cows fed diets high in escape protein may have been related to the increased percentage of lactose found in the milk of those cows. Glucose is an essential precursor for lactose synthesis by the mammary gland (Linzell and Peaker, 1971) . Synthesis of lactose has been estimated to account for 46 to 57%' of irreversible glucose losses in lactating animals (Bruckental et al., 1980) . The cows fed the highescape sources may have been shunting glucose from the bloodstream into the mammary gland for lactose synthesis. Rutter and Manns (1986) observed that ewes fed to gain weight had higher milk lactose concentrations than but blood glucose concentrations similar to those of ewes fed to maintain body weight. Thus, increased lactose synthesis (as a result of increased milk volume and lactose concentration) could have resulted in a reduction of blood glucose concentration.
The observed trend for increased dietary protein to increase plasma glucose is supported by Bassett et al.
(1 9 7 1) , who reported that nonammonia N flow to the duodenum and glucose entry rates were closely related. Teleni et al. (1989 j also observed an increase in glucose entry rates when additional protein was presented t o the small intestine in sheep. Therefore, an increased glucose entry rate caused by additional protein intake might result in increased blood glucose. Barry et al. (1982) noted that casein infusions resulted in slight but significant increases in plasma glucose concentrations.
The increased PUN concentrations observed with increased dietary protein probably can be explained largely by increased absorption of ruminal ammonia, resulting in greater quantities of ammonia being detoxified in the liver to form urea. This would be expected, considering that approximately 400 g of additional CP was being provided daily to the 150% groups. Jordan et al. (1983) also reported increased PUN when CP intake was increased. The effect of protein source also is not surprising; greater concentrations of PUN would be expected when protein with greater ruminal degradation potential was fed. Corbett and Edey (1977) reported reduced PUN in ewes fed formaldehyde-treated casein compared with ewes fed isonitrogenous diets supplemented with untreated casein. The significant interaction that we observed likely is due to a greater difference in the amount of CP degraded in the rumen between the two sources of dietary protein at the 150% level than at the 100% level.
The similarities in NEFA concentrations reflect the small differences among treatments in BCS change. Lactating dairy cattle abomasally infused with casein had reduced plasma NEFA concentrations compared with noninfused controls (Istasse et al., 1986) . However, growing lambs infused with casein (Barry et al., 1982) or growing cattle fed high-escape sources of protein (Bailey, 1989) showed no differences in NEFA concentrations.
The lack of response in serum concentrations of insulin to dietary treatments in our study fails to confirm results of other studies (Bassett et al., 1971; Barry et al., 1982; Krysl et al., 19871 , in which increased metabolizable protein intake resulted in increased insulin concentrations. In lactating beef cattle (Hunter and Magner, 1988; Wiley et al., 1991) and dairy cattle (Istasse et al., 19861 , additional metabolizable protein increased insulin concentrations only after 7 to 8 wk postpartum, suggesting that the increase in insulin secretion is delayed during lactation. Sampling in our study may have ceased too early to detect differences among treatments. Other researchers have observed either transient increases (Teleni et al., 1989) or no difference (Bailey, 1989 ) in insulin concentrations from the feeding of protein sources with a higher potential for ruminal escape.
Implications
This study demonstrates that primiparous cows fed at adequate net energy to support .23 kg of daily gain and 4.5 kg of daily milk production have the ability to respond to increased metabolizable protein supply, particularly in terms of the ability t o support increased calf gain. When forage quantity is limited, supplying increased metabolizable protein either by using sources high in escape potential or by simply providing additional dietary protein may improve calf performance while still maintaining acceptable reproductive function. The numerical differences observed in conception rates warrant further study with larger numbers of animals to determine whether increasing metabolizable protein over the minimum requirements is beneficial.
